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(54)  Prosthetic  knee  joint  with  enhanced  posterior  stabilization  and  dislocation  prevention 
features 

(57)  The  prosthetic  knee  joint  is  provided  for  resist- 
ing  valgus-varus  movements.  The  joint  includes  a  femo- 
ral  component  having  a  superior  bone  engaging  surface 
and  an  inferior  bearing  surface.  A  posterior  notch 
extends  anteriorly  into  the  posterior  end  of  the  femoral 
component.  The  prosthetic  knee  joint  further  includes  a 
tibial  component  having  an  inferior  bone  engaging  sur- 
face  and  a  superior  bearing  surface.  A  plastic  bearing  is 
disposed  between  the  femoral  and  tibial  components. 
An  inferior  surface  of  the  plastic  bearing  is  in  bearing 
engagement  with  the  superior  surface  of  the  tibial  com- 
ponent.  A  superior  bearing  surface  of  the  plastic  bear- 
ing  is  in  articular  bearing  engagement  with  the  bearing 
surface  of  the  femoral  component.  The  bearing  includes 
a  post  projecting  proximally  from  the  superior  surface. 
The  post  is  slidably  received  in  the  posterior  notch  of  the 
femoral  component  and  resists  valgus-varus  moments 
imposed  upon  the  joint.  The  post  may  include  medial 
and  lateral  cam  projections  spaced  from  the  superior 
bearing  surface  of  the  bearing.  The  femoral  component 
may  include  flanges  at  the  posterior  notch  for  engage- 
ment  between  the  cam  projections  and  the  superior 
bearing  surface  to  substantially  prevent  
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Description 

BACKGROUND  OF  THE  INVENTION 

[0001  ]  1.  Field  of  the  Invention.  The  subject  invention 
relates  to  a  knee  joint  prosthesis  having  enhanced  val- 
gus-varus  stability. 
[0002]  2.  Description  of  the  Prior  Art.  A  natural  knee 
joint  includes  the  distal  end  of  the  femur,  the  proximal 
end  of  the  tibia  and  a  meniscus  bearing  therebetween. 
The  femur  and  the  tibia  are  held  in  proper  relationship  to 
one  another  and  to  the  bearing  by  a  plurality  of  liga- 
ments,  including  the  posterior  cruciate  ligament,  the 
anterior  cruciate  ligament  and  collateral  ligaments. 
Flexion  of  the  knee  joint  causes  the  tibia  to  rotate  rela- 
tive  to  the  femur  about  an  axis  extending  generally  in  a 
medial-to-lateral  direction.  Flexion  also  generates  rota- 
tion  of  the  tibia  about  its  own  axis. 
[0003]  Damage  or  disease  can  affect  the  ability  of  the 
natural  knee  to  function  properly.  The  damage  or  dis- 
ease  can  deteriorate  the  bones,  the  articular  cartilage, 
the  ligaments  or  some  combination  thereof.  A  damaged 
or  diseased  natural  knee  can  be  replaced  by  a  pros- 
thetic  knee  joint.  A  prior  art  knee  joint  prosthesis 
includes  a  femoral  component  securely  mounted  to  the 
distal  end  of  a  resected  femur,  a  tibial  component 
securely  mounted  to  the  proximal  end  of  a  resected  tibia 
and  a  bearing  disposed  between  the  femoral  and  tibial 
components.  The  inferior  face  of  the  femoral  component 
includes  a  pair  of  condyles.  The  condyles  have  a  con- 
vexly  arcuate  shape,  and  the  superior  surface  of  the 
bearing  has  a  pair  of  arcuate  concave  regions  for  artic- 
ular  bearing  engagement  with  the  condyles  of  the  femo- 
ral  component.  The  superior  face  of  the  tibial 
component  may  be  substantially  planar  and  is  in  bear- 
ing  engagement  with  the  inferior  face  of  the  bearing. 
[0004]  Currently  available  prosthetic  knee  joints  take 
many  different  forms  depending  upon  the  preferences 
of  the  orthopedic  surgeon,  the  condition  of  the  natural 
knee  and  the  health,  age  and  mobility  of  the  patient. 
Some  prior  art  knee  joint  prostheses  fixedly  mount  the 
inferior  surface  of  the  bearing  to  the  superior  surface  of 
the  tibial  component.  Other  knee  joint  prostheses  per- 
mit  rotary  movement  and/or  sliding  movement  between 
the  bearing  and  the  tibial  component.  Movement  of  the 
bearing  against  the  tibial  component  achieves  many 
functional  advantages  described  in  the  prior  art.  These 
functional  advantages  include  an  avoidance  of  disloca- 
tion  in  response  to  normal  walking  movement  without 
reliance  upon  a  fixed  hinged  connection.  Very  effective 
prior  art  knee  joint  prostheses  that  incorporate  certain 
of  the  structural  features  referred  to  herein  are  disclosed 
in  U.S.  Patent  No.  4,470,158  and  U.S.  Patent  No. 
4,309,778. 
[0005]  Valgus  is  a  Latin  term  which  translates  roughly 
as  bowlegged  or  knock-kneed.  Varus  also  is  a  Latin 
word  and  translates  roughly  as  crooked.  The  Latin  word 
varus  often  is  used  to  define  an  abnormal  position  of  a 

bone  of  the  leg  or  foot.  Valgus-varus  stability  of  a  knee 
joint  refers  to  the  ability  of  the  joint  to  resist  lateral  forces 
or  rotary  forces  that  would  tend  to  urge  one  knee  toward 
or  away  from  the  other.  In  a  knee  joint  prosthesis,  lateral 

5  forces  or  rotary  moments  that  would  tend  to  urge  one 
knee  toward  or  away  from  the  other  will  also  tend  to  cre- 
ate  a  dislocation  particularly  on  one  side  of  the  prosthe- 
sis  or  the  other,  as  shown,  for  example,  in  the  prior  art 
prosthesis  of  FIG.  14. 

10  [0006]  During  normal  activities,  and  with  the  pros- 
thetic  knee  joint  under  compressive  loading,  the  valgus- 
varus  moments  are  resisted  primarily  and  adequately 
by  the  articulating  surfaces  and  ligaments.  However, 
there  may  be  certain  instances,  for  example  where  liga- 

15  ments  are  deficient,  when  additional  valgus-varus  sta- 
bility  may  be  desired. 
[0007]  Some  prior  art  prosthetic  knee  joints  have 
improved  valgus-varus  stability  by  providing  a  stabilizing 
post  that  extends  into  the  posterior  region  between  the 

20  femoral  condyles  that  would  be  occupied  by  the  poste- 
rior  cruciate  ligament  if  the  posterior  cruciate  ligament 
were  present.  For  example,  U.S.  Patent  No.  5,395,401 
to  Bahler  shows  a  prosthetic  knee  having  a  tibial  plat- 
form  and  a  bearing  slidably  disposed  on  the  tibial  plat- 

25  form.  The  inferior  surface  of  the  bearing  is  provided  with 
a  dove-tailed  groove  that  extends  substantially  in  an 
anterior-posterior  direction  and  at  a  location  between 
the  two  concave  condyles  formed  on  the  superior  sur- 
face  of  the  bearing.  The  bearing  shown  in  U.S.  Patent 

30  No.  5,395,401  further  includes  a  notch  extending  into 
the  posterior  side  of  the  bearing  at  a  location  between 
the  two  concave  condyles  of  the  bearing.  Thus,  the 
notch  registers  with  the  dove-tailed  groove  of  the  bear- 
ing.  The  prosthesis  of  U.S.  Patent  No.  5,395,401  further 

35  includes  a  control  arm.  The  control  arm  includes  a  post 
that  is  pivotally  engaged  in  a  recess  of  the  tibial  compo- 
nent.  The  control  arm  also  includes  a  dove-tailed  por- 
tion  that  slidably  engages  in  the  dove-tailed  groove  on 
the  inferior  surface  of  the  bearing.  Furthermore,  the 

40  control  arm  of  U.S.  Patent  No.  5,395,401  include  a  post 
that  extends  through  the  notch  in  the  bearing  and 
between  the  condyles  of  the  femoral  component.  The 
post  is  dimensioned  to  slidably  engage  surfaces  of  the 
femoral  component  between  the  two  convex  condyles  of 

45  the  femoral  component.  Thus,  the  post  of  the  control 
arm  will  resist  bending  moments  created  by  medial  or 
lateral  forces,  and  hence  will  provide  enhanced  valgus- 
varus  stability. 
[0008]  Other  prior  art  prosthetic  components  have 

so  provided  enhanced  valgus-varus  stability  with  posts  that 
extend  unitarily  from  the  bearing  and  into  the  space 
between  the  femoral  condyles.  Examples  of  such  prior 
art  prosthetic  knees  are  shown,  for  example,  in  U.S. 
Patent  No.  5,658,342;  U.S.  Patent  No.  5,489,311;  U.S. 

55  Patent  No.  5,330,534;  U.S.  Patent  No.  4,950,298;  U.S. 
Patent  No.  4,888,021,  U.S.  Patent  No.  4,634,444  and 
U.S.  Patent  No.  4,568,348.  All  of  these  prior  art  prosthe- 
sis  are  used  for  joint  replacements  where  the  posterior 
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cruciate  ligament  cannot  be  retained  or  are  deficient. 
Additionally,  most  of  these  prior  art  prosthesis  are  used 
where  both  collateral  ligaments  can  be  retained.  The 
retained  collateral  ligaments  cooperate  with  the  post  to 
resist  valgus-varus  moments  and  to  prevent  dislocation. 
Prior  art  prosthetic  joints  that  have  a  post  extending  into 
the  posterior  notch  between  the  femoral  condyles  have 
not  been  constructed  to  both  resist  valgus-varus 
moments  and  to  substantially  prevent  dislocation  in 
instances  where  only  one  collateral  ligament  can  be 
retained. 
[0009]  Accordingly,  it  is  an  object  of  the  subject  inven- 
tion  to  provide  a  prosthetic  knee  joint  having  an 
enhanced  valgus-varus  stability. 
[001  0]  It  is  a  further  object  of  the  subject  invention  to 
provide  enhanced  valgus-varus  stability  in  a  prosthetic 
knee  joint  without  requiring  a  hinged  connection. 
[001  1  ]  It  is  an  additional  object  of  the  subject  invention 
to  provide  a  prosthetic  knee  joint  with  enhanced  protec- 
tion  against  dislocation  without  requiring  a  hinged  con- 
nection. 
[001  2]  It  is  yet  another  object  of  the  subject  invention 
to  provide  axial  rotation  without  a  control  arm,  and 
thereby  simplifying  the  design  of  the  prosthetic  knee. 

SUMMARY  OF  THE  INVENTION 

[001  3]  The  subject  invention  is  directed  to  a  knee  joint 
prosthesis  having  a  femoral  component,  a  tibial  compo- 
nent  and  a  bearing  between  the  femoral  and  tibial  com- 
ponents.  The  bearing  is  in  rotary  and/or  sliding  bearing 
engagement  with  the  tibial  component  and  is  in  articu- 
lating  bearing  engagement  with  the  femoral  component. 
The  bearing  and  the  tibial  component  may  include 
means  for  limiting  rotational  and/or  sliding  movement 
therebetween.  For  example  a  post  may  project  upwardly 
from  the  anterior  portion  of  the  superior  surface  of  the 
tibial  component,  and  may  be  engaged  in  a  groove  on 
the  inferior  face  of  the  bearing.  The  dimensions  of  the 
groove  control  the  amount  of  rotary  movement. 
[0014]  Posterior  regions  of  the  femoral  component  of 
the  prosthetic  joint  include  a  notch  between  the  medial 
and  lateral  condyles  thereof. 
[001  5]  To  resist  valgus-varus  moments,  the  bearing  of 
the  subject  prosthetic  joint  includes  a  post  extending 
proximally  from  a  posterior  region  on  the  superior  sur- 
face  of  the  bearing  and  into  at  least  a  portion  of  the 
notch  between  the  condyles  of  the  femoral  component. 
The  post  permits  articular  bearing  movement  between 
the  femoral  component  and  the  bearing.  However,  the 
post  provides  resistance  to  lateral  forces  and/or  valgus- 
varus  moments,  and  thereby  resists  dislocation 
between  the  femoral  component  and  the  bearing  in 
response  to  such  forces  and  moments.  The  post  may 
provide  a  close  sliding  engagement  with  the  notch  of  the 
femoral  component.  However,  the  post  preferably  is 
somewhat  narrower  than  the  notch  to  provide  a  small 
amount  of  medial-lateral  play  between  the  bearing  and 

the  femoral  component. 
[0016]  The  notch  extending  into  the  posterior  face  of 
the  femoral  component  does  not  include  a  rear  restrict- 
ing  surface  comparable  to  the  aperture  through  the  fem- 

5  oral  component  of  the  prior  art  fixed  bearing  prosthesis. 
However,  the  prosthesis  of  the  subject  invention  does 
provide  adequate  resistance  to  posterior  dislocation.  In 
particular,  the  prior  art  fixed  bearing  prosthesis  with  an 
aperture  through  the  femoral  component  necessarily 

10  includes  a  relatively  flat  superior  surface  on  the  bearing 
to  accommodate  relative  rotation  of  the  bearing  about 
the  tibial  axis  and  relative  to  the  femur.  However,  rota- 
tion  between  the  bearing  and  the  femur  about  the  tibial 
axis  is  not  necessary  in  the  subject  prosthesis,  in  view 

15  of  the  rotatable  engagement  of  the  bearing  on  the  tibial 
component.  Consequently,  the  superior  surface  of  the 
bearing  can  be  more  deeply  concave  and  more  nearly 
congruent  with  the  bearing  faces  of  the  femoral  con- 
dyles.  This  more  congruent  configuration  of  the  femoral 

20  condyles  and  the  superior  surface  of  the  bearing  com- 
bined  with  the  greater  concavity  of  the  superior  surface 
of  the  bearing  substantially  avoids  the  need  for  a  com- 
plete  aperture  through  the  femoral  component  and  an 
associated  posterior  wall  for  engaging  and  restricting 

25  the  movement  of  the  bearing  in  a  posterior  direction. 
Greater  congruency  also  provides  lower  contact  stress 
between  the  respective  components. 
[0017]  The  post  of  the  bearing  may  be  formed  to 
include  medial  and  lateral  cam  projections  at  locations 

30  on  the  post  spaced  from  the  superior  concave  bearing 
face.  Thus  portions  of  the  post  furthest  from  the  supe- 
rior  concave  bearing  face  of  the  bearing  may  define  a 
greater  medial-lateral  width.  These  cam  projections 
define  convex  inferior  faces  on  the  post.  The  posterior 

35  notch  in  the  femoral  component  may  include  flanges 
substantially  at  the  inferior  extreme  of  the  posterior 
notch.  The  flanges  may  have  convex  inferior  surfaces 
that  generally  conform  to  the  convex  shape  of  the  con- 
dyles  of  the  femoral  component.  The  flanges  further 

40  include  concave  superior  faces  that  may  be  dimen- 
sioned  and  configured  to  mate  with  the  convex  inferior 
face  formed  by  the  cam  projections  on  the  post.  More 
particularly,  the  flanges  of  the  femoral  component  will 
be  disposed  interiorly  from  the  cam  projections  of  the 

45  post  and  superiorly  of  the  superior  bearing  surfaces  on 
the  bearing.  As  a  result,  dislocation  of  the  femoral  com- 
ponent  away  from  the  bearing  is  substantially  controlled 
and/or  prevented. 

50  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

[0018] 

FIG.  1  is  a  rear  elevational  view  of  the  subject  pros- 
55  thesis  and  showing  reaction  to  valgus-varus 

moments. 
FIG.  2  is  a  cross-sectional  view  taken  along  line  2- 
2  in  FIG.  1  and  with  a  wall  removed  to  show  the 
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bearing  post. 
FIG.  3  is  a  side  elevational  view  similar  to  FIG.  2, 
but  showing  the  prosthesis  at  150°  flexion. 
FIG.  4  is  a  top  plan  view  of  the  prosthesis  shown  in 
FIG.  3. 
FIG.  5  is  a  front  elevational  view  of  the  femoral  com- 
ponent  of  the  subject  prosthesis. 
FIG.  6  is  a  side  elevational  view  of  the  femoral  com- 
ponent. 
FIG.  7  is  a  top  plan  view  of  the  femoral  component. 
FIG.  8  is  a  front  elevational  view  of  the  bearing  of 
the  subject  prosthesis. 
FIG.  9  is  a  side  elevational  view  of  the  bearing. 
FIG.  10  is  a  top  plan  view  of  the  bearing. 
FIG.  1  1  is  a  front  elevational  view  of  a  tibial  compo- 
nent  in  accordance  with  the  subject  invention. 
FIG.  12  is  a  cross-sectional  view  of  the  tibial  com- 
ponent  taken  along  line  12-12  in  FIG.  11. 
FIG.  13  is  a  top  plan  view  of  the  tibial  component. 
FIG.  14  is  a  front  elevational  view  of  a  prior  art  pro- 
thesis  showing  the  prior  art  reaction  to  valgus-varus 
moments. 
FIG.  15  is  an  exploded  front  elevational  view  of  the 
tibial  component  depicted  in  FIGS.  1-3,  11  and  12 
used  with  an  alternate  bearing. 
FIG.  16  is  an  exploded  side  elevational  view  of  the 
assembly  depicted  in  FIG.  15. 
FIG.  17  is  a  front  elevational  view  of  an  alternate 
femoral  component  for  use  with  the  bearing 
depicted  in  FIGS.  15  and  16. 
FIG.  1  8  is  a  top  plan  view  of  the  femoral  component 
of  FIG.  17. 
FIG.  19  is  a  side  elevational  view  of  the  femoral 
component  shown  in  FIGS.  17  and  18. 
FIG.  20  is  a  side  elevational  view,  partly  in  section 
of  the  femoral  component  shown  in  FIG.  19. 
FIG.  21  is  a  side  elevational  view  showing  the  fem- 
oral  component  assembled  onto  the  bearing  and 
tibial  components  depicted  in  FIGS.  15-20. 
FIG.  22  is  a  cross-sectional  view  of  a  knee  during 
implantation  of  the  prosthesis  shown  in  FIGS.  15- 
21. 
FIG.  23  is  a  cross-sectional  view  similar  to  FIG.  22, 
showing  the  knee  after  implantation  of  the  prosthe- 
sis,  and  indicating  resistance  to  dislocation. 
FIG.  24  is  a  schematic  front  elevational  view  of  the 
assembled  prosthesis  illustrating  force  vectors 
applied  to  the  joint  during  use. 
FIGS.  25-28  are  cross-sectional  views  of  the 
assembled  prosthesis  at  different  degrees  of  flex- 
ion. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

[001  9]  The  prosthetic  joint  of  the  subject  invention  is 
identified  generally  by  the  numeral  10  in  FIGS.  1-4.  The 
prosthetic  joint  10  includes  a  femoral  component  12,  a 

bearing  14  and  a  tibial  component  16. 
[0020]  With  reference  to  FIGS.  5-7,  the  femoral  com- 
ponent  12  includes  a  superior  mounting  face  18  for 
mounting  to  the  resected  distal  end  of  the  femur.  The 

5  mounting  face  18  includes  mounting  post  20  for  secure 
attachment  to  a  modular  stem  (not  shown),  which  in  turn 
is  engaged  in  a  cavity  drilled  axially  into  the  resected 
distal  end  of  the  femur.  The  femoral  component  1  2  fur- 
ther  includes  an  inferior  bearing  face  identified  generally 

10  by  the  numeral  22.  As  shown  most  clearly  in  FIG.  5,  the 
bearing  face  22  of  the  femoral  component  12  includes  a 
pair  of  condyles  24  and  26,  each  of  which  are  highly  pol- 
ished.  The  femoral  component  12  is  further  character- 
ized  by  a  posterior  notch  28  extending  anteriorly  from 

15  the  posterior  extreme  of  the  femoral  component  1  2  sub- 
stantially  to  the  mounting  post  20.  The  notch  28  is  partly 
defined  by  parallel  medial  and  lateral  walls  29. 
[0021]  The  bearing  14,  as  shown  most  clearly  in  FIGS. 
8-10,  includes  a  superior  bearing  surface  30  for  articular 

20  bearing  engagement  with  the  inferior  bearing  face  22  of 
the  femoral  component  12.  The  superior  bearing  sur- 
face  30  is  defined  by  a  pair  of  concave  bearing  regions. 
As  shown  most  clearly  in  FIGS.  2  and  3,  the  shapes 
defined  by  the  two  concave  regions  of  the  superior  bear- 

25  ing  surface  30  are  substantially  congruent  with  portions 
of  the  convex  shape  defined  by  the  condyles  24  and  26 
which  form  the  bearing  face  22  of  the  femoral  compo- 
nent  12.  As  explained  further  herein,  this  congruency 
provides  posterior  stabilization  and  substantially  pre- 

30  vents  posterior  dislocation.  The  bearing  14  further 
includes  a  substantially  planar  inferior  bearing  surface 
32  for  rotary  bearing  engagement  against  the  tibial 
component  16  as  explained  herein.  A  conical  projection 
34  extends  from  the  inferior  bearing  surface  32  for 

35  rotary  bearing  engagement  in  a  correspondingly  config- 
ured  cavity  in  the  tibial  component  1  6. 
[0022]  The  bearing  1  4  is  further  characterized  by  a 
post  36  projecting  proximally  from  posterior  regions  of 
the  concave  superior  bearing  surface.  The  post  36  has 

40  parallel  planar  medial  and  lateral  faces  and  is  dimen- 
sioned  for  close  sliding  engagement  in  the  posterior 
notch  28  of  the  femoral  component  12. 
[0023]  With  reference  to  FIGS.  11-13,  the  tibial  com- 
ponent  16  includes  a  bearing  platform  40  having  a 

45  superior  planar  bearing  face  42  and  an  opposed  inferior 
mounting  face  44.  A  mounting  post  46  projects  distally 
from  the  inferior  face  44  for  engagement  in  the  cavity 
drilled  into  the  proximal  end  of  the  resected  tibia.  The 
superior  bearing  face  42  of  the  tibial  platform  40 

so  includes  a  cavity  48  extending  axially  into  the  mounting 
post  46.  The  cavity  48  is  dimensioned  to  rotatably 
receive  the  conical  projection  34  of  the  bearing  1  4. 
[0024]  The  components  of  the  prosthesis  10  are 
assembled  as  shown  in  FIGS.  1-4.  In  the  assembled 

55  condition,  the  conical  projection  34  of  the  bearing  14  is 
rotatably  engaged  in  the  conical  cavity  48  of  the  tibial 
component  1  6,  and  the  inferior  face  32  of  the  bearing  1  4 
is  in  rotary  bearing  relationship  with  the  superior  face  42 
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of  the  tibial  component  16.  The  inferior  bearing  surface 
22  of  the  femoral  component  12  is  in  articular  bearing 
engagement  with  the  concave  superior  surface  30  of  the 
bearing  14.  Additionally,  the  condyles  24  and  26  that 
define  the  inferior  bearing  surface  22  of  the  femoral  5 
component  12  are  substantially  congruent  with  the  con- 
cave  superior  bearing  surface  30  of  the  bearing  1  4  as 
shown  in  FIGS.  2  and  3  and  as  described  above  for  cer- 
tain  flexion  ranges  (i.e.,  up  through  45°  flexion).  At 
greater  ranges  of  flexion,  theoretical  line  contact  will  w 
exist  between  the  femoral  component  1  2  and  the  bear- 
ing  14. 
[0025]  The  post  36  of  the  bearing  14  is  slidably 
received  in  the  posterior  notch  28  of  the  femoral  compo- 
nent  1  2  to  resist  valgus-varus  moments  imposed  upon  15 
the  prosthetic  component.  As  shown  in  FIGS.  2  and  3, 
the  engagement  of  the  post  36  in  the  notch  28  is  effec- 
tive  for  resisting  valgus-varus  moments  for  virtually  all 
ranges  of  movement  of  the  prosthetic  component.  The 
substantial  congruency  of  the  superior  bearing  face  32  20 
of  the  bearing  1  4  with  the  condyles  24  and  26  of  the 
inferior  bearing  face  22  of  the  femoral  component  12 
through  certain  ranges  of  movement  substantially 
ensures  posterior  stabilization  despite  the  fully  opened 
posterior  end  of  the  notch  28  in  the  femoral  component  25 
12.  Thus,  valgus-varus  stabilization  is  provided  without 
adversely  affecting  mobility,  and  specifically  while  pro- 
viding  rotation  of  the  bearing  on  the  tibial  component. 
[0026]  An  alternate  prosthetic  joint  1  1  0  is  illustrated  in 
FIGS.  15-28.  The  alternate  prosthetic  joint  1  10  includes  30 
a  femoral  component  112,  a  bearing  114  and  a  tibial 
component  116.  The  tibial  component  116  is  virtually 
identical  to  the  tibial  component  16  described  above 
and  illustrated  in  FIGS.  11-13.  The  femoral  component 
112,  also  bears  considerable  similarities  to  the  femoral  35 
component  12  described  and  illustrated  above.  More 
particularly,  the  femoral  component  112  preferably  is 
formed  from  a  titanium  alloy  with  a  titanium  nitride  coat- 
ing.  The  femoral  component  includes  a  post  120  for 
secure  attachment  to  a  modular  extension  121.  As  40 
shown  most  clearly  in  FIG.  22,  the  modular  extension 
121  is  securely  engaged  in  a  cavity  drilled  axially  into 
the  resected  distal  end  of  the  femur  900.  The  femoral 
component  1  12  further  includes  an  inferior  bearing  face 
122  having  a  pair  of  convex  condyles  124  and  126  45 
which  are  highly  polished.  The  femoral  component  112 
further  is  characterized  by  a  posterior  notch  1  28  extend- 
ing  from  the  posterior  extreme  of  the  femoral  compo- 
nent  112  substantially  to  the  mounting  post  120.  In  the 
previous  embodiment,  the  notch  was  defined  by  parallel  so 
medial  and  lateral  walls,  and  the  medial-lateral  distance 
between  the  walls  was  constant  at  any  position  the- 
realong.  In  the  subject  embodiment,  the  notch  128  is 
partly  defined  by  a  pair  of  parallel  walls  1  30  and  1  32  and 
an  anterior  wall  1  33.  However,  a  pair  of  flanges  1  34  and  55 
136  project  toward  one  another  from  portions  of  the 
walls  130  and  132  substantially  at  the  inferior  bearing 
surfaces  of  the  condyles  124  and  126  of  the  femoral 

component  1  1  2.  Thus,  the  distance  between  the  walls 
130  and  132  defining  the  posterior  notch  128  is  smallest 
at  the  flanges  134  and  136  and  is  larger  at  more  supe- 
rior  positions  in  the  notch  128.  The  flanges  134  and  136 
are  characterized  by  cavity  cam  surfaces  138  and  140 
which  face  generally  in  a  superior  direction  as  illustrated 
most  clearly  in  FIG.  18. 
[0027]  The  bearing  114  also  is  similar  to  the  bearing 
14  described  and  illustrated  above.  In  particular,  the 
bearing  114  preferably  is  formed  from  a  UHMWPe  and 
includes  a  superior  bearing  surface  142  defined  by  a 
pair  of  concave  bearing  regions  144  and  146.  The  bear- 
ing  114  includes  a  post  148  that  projects  proximally  or 
superiorly  from  a  posterior  portion  of  the  concave  supe- 
rior  surfaces  1  42  between  the  concave  bearing  regions 
1  44  and  1  46.  In  the  previous  embodiment,  the  post  was 
of  constant  medial-lateral  width  at  all  locations  thereon, 
and  thus  included  two  parallel  side  surfaces.  In  the 
embodiment  of  FIGS.  15-28,  the  post  148  includes  cam 
projections  1  50  and  1  52  on  opposite  medial  and  lateral 
sides  of  the  post  148  at  locations  spaced  from  the  supe- 
rior  bearing  surface  142.  Thus,  the  post  148  includes  a 
minor  width  "w"  at  more  inferior  positions  thereon  and  a 
major  width  "W"  at  superior  positions  thereon.  The 
minor  width  "w"  is  slightly  less  than  the  distance 
between  the  flanges  134  and  136  in  the  posterior  notch 
1  28  of  the  femoral  component  1  1  2.  The  major  width  "W" 
at  superior  locations  on  the  post  1  48  is  greater  than  the 
distance  between  the  flanges  134  and  136  in  the  notch 
128  of  the  femoral  component  112,  but  is  slightly  less 
than  the  width  of  the  posterior  notch  1  28  at  other  loca- 
tions  between  the  walls  130  and  132  of  the  femoral 
component  1  1  2  that  define  the  notch  1  28.  As  shown 
most  clearly  in  FIG.  16,  the  cam  projections  150  and 
152  have  convex  inferior  surfaces  154  and  156. 
[0028]  Implantation  is  illustrated  with  reference  to  FIG. 
22.  More  particularly,  the  tibial  platform  1  16  is  implanted 
into  the  tibia  500  as  in  the  prior  art,  and  the  bearing  114 
is  assembled  onto  the  tibial  platform  116.  The  knee  600 
then  is  flexed  to  about  120°  of  flexion,  and  the  modular 
extension  121  of  the  femoral  component  1  12  is  inserted 
into  the  cavity  prepared  in  the  femur  900.  As  the  femoral 
component  1  1  2  is  moved  into  position  on  the  resected 
distal  end  of  the  femur  900,  the  superior  cavity  cam  sur- 
faces  138  and  140  of  the  flanges  134  and  136  clear  the 
inferior  cam  surfaces  1  54  and  1  56  on  the  cam  projec- 
tions  1  50  and  1  52  of  the  post  1  48  of  the  bearing  1  1  4 
and  allow  full  seating  of  the  femoral  component  112 
onto  the  femur  900  as  shown  in  FIG.  23.  The  posterior 
distal  region  901  of  the  femur  900  must  have  a  relief 
902,  as  shown  in  FIG.  23,  to  clear  the  posterior  surface 
on  the  post  1  48  of  the  bearing  1  1  4  to  provide  full  flexion 
needed  to  implant  the  femoral  component  1  12. 
[0029]  As  illustrated  in  FIG.  23,  the  tibia  500  cannot  be 
dislocated  posteriorly  since  the  presence  of  the  poste- 
rior  distal  region  901  inhibits  posterior  tibial  motion  by 
impingement  with  the  posterior  surface  of  the  post  1  48. 
As  shown  in  FIG.  26,  the  cam  cavity  surface  138  and 
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1  40  on  the  flanges  1  34  and  1  36  and  the  anterior  regions 
of  the  cam  projections  1  50  and  1  52  prevent  anterior  dis- 
location  of  the  tibia.  The  outer  side  surface  of  the  cam 
projections  150  and  152  of  the  post  engage  the  cavity 
side  walls  1  30  and  1  32  to  prevent  medial-lateral  disloca-  5 
tion.  Thus,  the  bearing  114  is  trapped  in  the  femoral 
component  112  and  cannot  be  dislocated. 
[0030]  There  are  two  means  of  valgus-varus  stability. 
With  reference  to  FIG.  24,  and  under  load  bearing  con- 
ditions,  the  normal  compressive  load  will  press  the  fern-  10 
oral  condyles  124  and  126  against  the  matching 
articular  concave  bearing  regions  144  and  146.  The 
match  is  such  that  under  compression,  any  rotation  of 
the  femoral  component  112,  in  the  plane  of  FIG.  24, 
must  be  around  an  axis  207  and  through  the  center  of  15 
curvature  208  of  the  femoral  condyle  206.  Rotation 
about  the  axis  207  produces  impingement  between  an 
inferior  aspect  of  either  the  flange  134  or  136  at  the 
notch  128  in  a  femoral  condyle  124  or  126  and  a  side 
surface  of  the  post  148  below  the  cam  projections  150  20 
and  152.  This  contact  produces  a  reaction  force  resist- 
ing  any  valgus-varus  moment  applied  to  the  joint.  Thus, 
bending  of  the  post  148  need  not  occur  to  resist  the 
applied  moment.  The  outer  side  walls  of  the  post  145, 
as  shown  in  FIG.  15  may  be  tapered  to  prevent  such  25 
bending  during  load  bearing. 
[0031]  During  non-load  bearing  phases,  any  valgus- 
varus  moment  is  small,  but  the  post  may  be  subject  to 
small  bending  loads,  since  joint  compression  may  not 
occur.  The  post  must  be  strong  enough  in  bending  to  30 
resist  such  moments. 
[0032]  Cooperative  action  of  the  cavity  and  post  cam 
surfaces  respectively  are  illustrated  in  FIGS.  25-28.  In 
these  figures,  the  bearing  1  14  is  drawn  so  as  it  is  "seen 
through",  to  better  illustrate  this  cooperation.  In  the  full  35 
extension,  as  illustrated  in  FIG.  25,  the  cam  surfaces 
are  not  in  contact.  They  act  only  to  prevent  A-P  disloca- 
tion  in  the  absence  of  load  bearing.  Under  load  bearing, 
the  shape  of  the  inferior  femoral  articular  bearing  face 
122  pressing  against  the  superior  bearing  surface  142  40 
provides  stability  and  position.  As  flexion  progresses, 
the  concave  superior  cavity  cam  surfaces  1  38  and  1  40 
will  engage  the  convex  inferior  cam  surfaces  154  and 
1  56  of  the  cam  projections  1  50  and  1  52  on  the  post  1  48, 
as  shown  in  FIGS.  26  and  27,  and  will  force  the  femoral  45 
component  1  1  2  posteriorly  with  respect  to  the  bearing 
114.  This  posterior  movement,  or  femoral  roll  back, 
improves  quadriceps  effectiveness.  The  roll  back  is 
present  for  any  normal  load  bearing  activity  likely  to  be 
performed  by  a  knee  replacement  patient.  This  poste-  so 
rior  movement  may  be  lost  at  full  flexion,  as  shown  in 
FIG.  28,  but  this  is  unimportant,  since  load  bearing  nor- 
mally  does  not  occur  in  this  motion  phase,  or  at  least 
occurs  very  infrequently. 
[0033]  While  the  invention  has  been  described  with  ss 
respect  to  a  preferred  embodiment,  it  is  apparent  that 
various  changes  can  be  made  without  departing  from 
the  scope  of  the  invention  as  defined  by  the  appended 

claims. 

Claims 

1  .  A  knee  joint  prosthesis  comprising: 

a  femoral  component  having  an  inferior  articu- 
lar  bearing  surface,  a  posterior  notch  extending 
anteriorly  into  a  posterior  face  of  the  femoral 
component,  said  notch  being  defined  by 
spaced  apart  medial  and  lateral  walls  and  by 
medial  and  lateral  flanges  projecting  toward 
one  another  from  locations  on  the  respective 
medial  and  lateral  walls  adjacent  the  inferior 
articular  bearing  surface  of  the  femoral  compo- 
nent; 
a  tibial  component;  and 
a  bearing  disposed  between  the  femoral  and 
tibial  components,  the  bearing  having  a  supe- 
rior  bearing  face  in  articular  bearing  engage- 
ment  with  the  inferior  articular  bearing  surface 
of  the  femoral  component,  said  bearing  further 
including  a  post  projecting  from  the  superior 
face  thereof  and  slidably  disposed  in  the  poste- 
rior  notch  of  the  femoral  component,  said  post 
including  medial  and  lateral  cam  projections 
spaced  from  said  superior  bearing  face  of  said 
bearing,  said  flanges  of  said  femoral  compo- 
nent  being  between  the  cam  projections  and 
the  superior  bearing  face  of  the  bearing. 

2.  The  prosthesis  of  claim  1,  wherein  said  inferior 
articular  bearing  surface  of  said  femoral  component 
includes  medial  and  lateral  convex  condyles,  said 
flanges  of  said  femoral  component  having  inferior 
surfaces  substantially  conforming  to  shapes 
defined  by  said  convex  condyles,  said  flanges  fur- 
ther  having  arcuately  concave  superior  bearing 
faces. 

3.  The  prosthesis  of  claim  2,  wherein  the  medial  and 
lateral  cam  projections  of  the  bearing  have  arcu- 
ately  convex  inferior  bearing  surfaces  for  bearing 
engagement  against  the  arcuately  concave  supe- 
rior  bearing  surfaces  of  the  flanges  of  the  femoral 
component. 

4.  The  prosthesis  of  claim  1  ,  wherein  the  medial  and 
lateral  walls  defining  the  notch  of  the  femoral  com- 
ponent  are  substantially  parallel. 

5.  The  prosthesis  of  claim  1,  wherein  the  flanges  of 
the  femoral  component  are  substantially  equally 
spaced  from  one  another  at  all  locations  along  said 
notch. 

6.  The  prosthesis  of  claim  1  ,  wherein  the  femoral  com- 
ponent  further  comprises  an  anterior  wall  extending 
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between  the  medial  and  lateral  walls  and  defining  a 
portion  of  the  notch. 

7.  The  prosthesis  of  claim  6,  wherein  the  notch  in  the 
femoral  component  is  open  at  posterior  extremes  of  s 
the  femoral  component. 

8.  The  prosthesis  of  claim  1  ,  wherein  the  bearing  is 
unitarily  formed  from  a  UHMWPe. 

10 
9.  The  prosthesis  of  claim  1  ,  wherein  the  femoral  and 

tibial  components  are  formed  from  a  titanium  alloy 
with  a  titanium  nitride  coating  thereon. 

10.  The  prosthesis  of  claim  1,  wherein  the  inferior  sur-  is 
face  of  the  bearing  is  movably  disposed  on  the 
superior  surface  of  the  tibial  component. 
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